Abstract. In order to solve the problem that infrared images usually have a poor visual effect with low contrast and weak details, an infrared image enhancement method based on multiscale bilateral detail decomposition (MBDD) is proposed in this paper. The core of MBDD strategy lies in utilizing bilateral filter with different scale parameters to achieve multiscale detail decomposition for infrared image. On the one hand, abundant detail information in different scales is effectively extracted as detail sub-images to be enhanced; on the other hand, a set of corresponding weights is constructed adaptively. The output image is a fused version from enhanced detail scale sub-images. Experimental results show that the proposed method outperforms other conventional methods for infrared image enhancement.
Introduction
Infrared image is a visualized result of the temperature distribution of target and background in a scene. Due to thermals isotropy radiation and poor response performance of infrared sensor, most infrared images captured have some shortcomings, a low contrast between target and background and the blurred image features such as edges, which heavily influence the visual appearance of infrared image. To improve the visual quality of infrared image, especially enhance the detail information of infrared image, it is essential to study a new detail enhancement method for infrared image.
Conventional enhancement methods for infrared image are mainly divided into two broad approaches: one is in the spatial domain and the other in the transform domain. The spatial domain enhancement approach is a simple, effective method which directly processes each pixel values of the image. For example, histogram equalization (HE) [1] based on statistical information of pixel values is performed by amplifying the dynamic range of gray value to homogenize image gray distribution. However, this mapping always leads to enhance image contrast excessively, resulting in a lack of the image detail information. In order to improve HE, a series of advanced methods are presented such as CLAHE [2] , PHE [3] and so on. Morphological enhancement methods [4, 5] are also one classical kind of spatial methods, which have a good performance in enhancing the image contrast and sharping its edges. But its drawbacks lie in its inability to control the scale and amount of enhancement. The transform domain enhancement approaches mainly including the frequency transform and the wavelet transform [6, 7, 8] are studied by adopting the linear or nonlinear operator to process the transform coefficients. For instance, homomorphic filtering [6] , one of the convenient frequency domain enhancement approaches, is able to improve the image views effectively by compressing image brightness. This operation, however, leads to an adverse decrease of low frequency details information.
Multiscale analysis [9] in image processing has increasingly become a powerful tool of describing image components. By using multiscale decomposition for image, more image components information, especially image details and textures in different scales are exposed adequately to bring great benefits for the extraction and expression of image components. Based on such advantage, we propose a new infrared image enhancement method based on multiscale bilateral detail decomposition (MBDD) to achieve infrared image enhancement. The novelty of this approach is mainly using bilateral filter [10] with different scale parameters to extract multiscale detail features of infrared image. The proposed strategy of MBDD not only effectively decomposes the input infrared image into a set of detail scale sub-images including abundant detail information, but also provides a basis for the construction of corresponding adaptive weights. The experimental results show that our method has a better performance of image enhancement with contrast to other methods.
Proposed Method
In this section, the proposed enhancement method for infrared image will be introduced in detail. By the extraction of multiple detail sub-images in different scales and the construction of the corresponding factors, the final output is modeled as a linear combination of these detail scale sub-images. To have a clear understanding intuitively, the flow chart of proposed method is shown in Fig. 1 , which is mainly composed of the following three steps:
Step 1. Multiscale bilateral detail decomposition of infrared image.
Step 2. Adaptive weight construction for detail sub-images.
Step 3. Multiscale image reconstruction. 
Multiscale Bilateral Detail Decomposition (MBDD)
The proposed strategy of MBDD to extract multiscale detail information of infrared image is actually an iterative difference process using bilateral filter with different scale parameters. This process can be mathematically stated as follows.  are selected to smooth the current scale detail sub-image so that the next scale detail sub-image contains finer detail information. The iterative decomposition is carried out like this and a set of detail sub-images in different scales is finally obtained. The detailed procedure for the implementation of MBDD is shown in Figure 2 . To the point, the whole process of MBDD effectively realizes detail features extraction from coarse scale to fine scale detail for infrared image. In this paper, we select the first three scale detail sub-images to enhance. 
Multiscale Bilateral Detail Sub-Images

Adaptive Weight Construction
In this step, we exploit a basic sigmoid function to construct an adaptive weight mapping function corresponding to the obtained multiscale detail sub-images. Specifically, the designed weight mapping function is as follows.  is its corresponding mean, and i denotes the pixel coordinate.  is a parameter that controls the smoothness of the sigmoid function. Lower values create smoother sigmoid functions, which generates a lower contrast enhancement and a better brightness preservation, while the higher  values will generate more contrast and shift the mean brightness. In this paper the parameter =1 2 .  is set due to the good enhancement results achieved with it on tested infrared images.
Multiscale Image Reconstruction
Multiscale image reconstruction is finally performed to obtain the enhanced infrared image. This operation is a linear combination of detail scale sub-images and corresponding weights as follows:
where R is the enhanced result.
Results
In this section, the performance of the proposed method is evaluated via three groups of experiments, compared with four typical approaches, HE [1] , morphological filtering (MF) [4] and homomorphic filtering (HF) [4] and Photoshop's unsharp mask (UM) [11] . All experiments are tested using Matlab 2014a on a desktop PC with 3.3 GHz CPU and 4Gb memory. Visual results of the proposed enhancement method are shown in Figure 3 . As shown in Fig. 3 , the test results indicate that the proposed method outperforms other conventional methods in terms of both image contrast and sensitive details. Further, we can see that HE easily causes an over-enhancement effect, which leads to a lack of image details; MF improves the visual quality to some extent, but the enhancement effect is unsatisfied; HF focuses the overall brightness of the image while overlooks the local contrast enhancement and the detail sharpness; UM precisely has certain advantages in sharpening the image, but it is slightly insufficient for contrast enhancement. By contrast, the proposed method can not only significantly enhance the detail features but also improve the contrast between the target and background, so that the image regions of interest could be perceived by the human visual system.
Conclusion
In this paper, an effective enhancement method based on MBDD for infrared image is presented. By combining multiscale analysis with bilateral filter, the proposed strategy of MBDD successfully decomposes the input infrared image into multiple scales detail sub-images. Then, a set of corresponding adaptive weights is constructed via a basic signmoid function. Finally, the operation of linear combination is implemented to realize multiscale image reconstuction and enhancement. The experimental results show that our method has a good performance in infrared image enhancement.
